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Abstract

Compared to living anionic polymerization, the use of radical polymerization methods appears more attractive from the point of view of ease of practice and the number of monomers capable of being polymerized. The evolution of techniques of controlled radical polymerization in recent years is an attempt to control the termination and transfer reaction leading to greater control over chain ends and polydispersity. Atom transfer radical polymerization (ATRP) has rapidly become one of the versatile methods in polymer synthesis. Copper catalyzed ATRP has been successively used in controlling polymerization of many styrenes, acrylates, methacrylates and several other relatively reactive monomers such as acrylamides, vinyl pyridines, and acrylonitrile. The objective of the present study is to examine the ATRP of methyl methacrylate (MMA) and other acrylates including styrene using Schiff base imines as N-donor ligands complexed with copper halide in conjunction with suitable initiators in order to achieve a controlled polymerization system. The study also involves a detailed investigation of a new tridentate N-donor ligand comprising batch, kinetic solvent, temperature, aging and substituents effects differing in electronic and steric property in ATRP. The other part of the study involves the use of novel initiators for ATRP. In the course of this investigation, ATRP of a vinyl ketone monomer, namely, methyl vinyl ketone was examined using an initiator which has structural similarity to the propagating radical. 

	The efficacy of a tridentate ligand, namely 2,6-bis[1-(2,6-diisopropyl phenylimino) ethyl] pyridine (BPIEP) on ATRP of MMA was studied. The optimum condition for BPIEP ligand was found to be 100: 1: 1: 2 ([MMA]: [EBiB]: [CuBr]: [BPIEP]) ratio at 90 oC in anisole as well as toluene (33 %, v/v) resulted in well-defined PMMA with a narrow molecular weight distribution. Systematic studies were performed with respect to nature and volume of thye solvent, initiator concentration, and temperature. The tridentate ligand, BPIEP, resulted in higher polymerization rates and initiator efficiencies at lower solvent volume. The rate of polymeirzation was slower with the tridentate ligand compared to a well-known bidentate ligand, namely, N-(n-propyl)-2-pyridylmethanimine (NPPI). The reverse ATRP of MMA using CuII/AIBN system showed good control in solution as well as bulk. The ligand was also successfully used for the ATRP of methyl acrylate and glycidyl methacrylate.

	The steric and electronic effects around metal center in atom transfer radical polymerization of methylmethacrylate at 90 oC using bis(imino) pyridine ligand was studied. Various tridentate N-donor molecules, having different steric and electronic environment were synthesized and characterized. Reducing the steric bulk on the ligand (BPIEP) results in loss of control in the polymerization of MMA. Kinetic studies of ATRP of MMA in toluene at 90 oC using N-((1E)-1-{6-[(1E)-N-phenylethanimidoyl]pyridin-2-yl}ethylidene)aniline) (NPEPA) resulted in curvature in the first order plot indicating termination reaction during the polymerization. However, using BPIEP as ligand resulted in PMMA ([M]/[I] = 800) with Mn,SEC = 15,600 with PDI = 1.16 and  high initiator efficiency of 0.85. Thus, the favorable effects of steric and electronic effect of the ligand on ATRP could be demonstrated.

	Four different unconjugated -diimines, and a bisoxazoline were examined as N-donor ligands in the ATRP of MMA in toluene at 90 oC using CuBr as catalyst and EBiB as initiator. None of the unconjugated -diimines gave acceptable polymerization behavior. A tridentate, bisoxazoline ligand (dmPYBOX) showed reasonable polymerization control for MMA under defined conditions.
 
	2-bromopropionitrile (BPN), 3-bromo-3-methyl-butanone-2 (MBB) and 3-(bromomethyl)-4-methylfuran-2,5-dione (BMFD) were explored as initiators for ATRP of MMA. All the three initiators gave controlled polymerization of MMA. The apparent rate constant (kapp) and initiator efficiency (Ieff) decreased in the order BPN > MBB >EBiB. MBB works efficiently with a bulky tridentate N-donor ligand, nmely, BPIEP. However, when used with well-known ligands such as, NPPI and dnNbpy, the polymerization results are not satisfactory.

	The efficacy of softer pseudo halogen (SCN-) as counterion in the initiator (R-X) as well as for catalyst (CuI-X) in copper catalyzed ATRP of MMA was studied. The chemistry of using thiocyanate both as counter ion for copper salt, CuSCN, and initiator, R-SCN, was based on the premise that CuSCN forms stable complexes with bidentate ligands. The redox potentials obtained for copper complexes were in the range suitable for ATRP catalysts. However, the catalyst system RSCN/CuSCN was ineffective for controlled polymerization of MMA and styrene.

	The feasibility of ATRP of methylvinylketone (MVK) was examined by varying the nature of ligands as well as initiators. Inability to polymerize MVK in the presence of copper catalyst was attributed to the presence of extended coordination of MVK with copper. 


